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(UNDERSTANDING THE SHOOTING ABILITY OF A BASKETBALL PLAYER IS FUNDAMENTAL IN ASSESSING THEIR PERFORMANCE AND
POTENTIAL. WHEN A PLAYER MAKES 80 ouT oF 120 FrEE THROWS, IT PROVIDES A DATA POINT THAT CAN BE ANALYZED
STATISTICALLY TO ESTIMATE THEIR TRUE FREE-THROW SHOOTING PROBABILITY. THIS PROBABILITY REFLECTS THE LIKELIHOOD
THAT THE PLAYER WILL SUCCESSFULLY CONVERT ANY GIVEN FREE THROW , BASED ON THEIR OBSERVED PERFORMANCE.

IN THIS ARTICLE, WE DELVE INTO THE METHODS USED TO ESTIMATE THIS PROBABILITY, EXPLORE THE STATISTICAL MODELS
INVOLVED, AND DISCUSS THE IMPLICATIONS OF SUCH ESTIMATIONS IN SPORTS ANALYTICS. \WHETHER YOU'RE A COACH, PLAYER,
ANALYST, OR ENTHUSIAST, UNDERSTANDING THIS PROCESS ENHANCES THE APPRECIATION OF HOW DATA INFORMS DECISIONS IN
BASKETBALL.

UNDERSTANDING THE DATA: THE BASIC SCENARIO

THe OsserVED DATA

THE KEY DATA POINTS ARE:
o NUMBER OF SUCCESSFUL FREE THROWS: 80

e TOTAL FREE THROWS ATTEMPTED: 120

THIS INFORMATION SUGGESTS AN OBSERVED SUCCESS RATE, OR SAMPLE PROPORTION, WHICH IS CALCULATED AS:

\l

\HAT{P} = \rrRac{\TeExT{NUMBER oF successes}}{\TexT{NuMBER oF ATTEMPTS}} = \FRAC{803}{ 120} = \rrac{2}{3}
\approx 0.6667
\]

THIS SAMPLE PROPORTION SERVES AS A POINT ESTIMATE OF THE PLAYER'S TRUE FREE-THROW SUCCESS PROBABILITY, DENOTED
AS \( P \) HO\X/EVER, SINCE THIS IS BASED ON A FINITE SAMPLE, THERE IS UNCERTAINTY ASSOCIATED WITH THIS ESTIMATE.

STATISTICAL FOUNDATIONS FOR ESTIMATING PROBABILITY

WHY Use STATISTICAL ESTIMATION?

THe oBSERVED PERFORMANCE (80/120) IS JUST ONE REALIZATION FROM THE UNDERLYING PROCESS. THE TRUE PROBABILITY \(
P \) OF SUCCESS PER FREE THROW IS UNKNOWN; IT COULD BE HIGHER OR LOWER THAN THE OBSERVED PROPORTION. TO
ACCOUNT FOR THIS UNCERTAINTY, STATISTICIANS EMPLOY ESTIMATION TECHNIQUES TO INFER THE MOST PROBABLE VALUE OF
\( P \) AND QUANTIFY THE UNCERTAINTY.



PoINT ESTIMATION: THE SAMPLE PROPORTION

THe siMPLEST ESTIMATE of \( P \) IS THE SAMPLE PROPORTION:

\[
\HaT{P} = 0.6667

\]

THIS ESTIMATE IS INTUITIVE BUT DOES NOT SPECIFY HOW PRECISE IT IS. TO UNDERSTAND THE VARIABILITY, CONFIDENCE
INTERVALS AND BAYESIAN METHODS ARE USED.

CoNsTRUCTING CONFIDENCE INTERVALS FOR THE PROBABILITY

WHAT Is A CONFIDENCE INTERVAL?

A CONFIDENCE INTERVAL PROVIDES A RANGE OF PLAUSIBLE VALUES FOR \( P \), GIVEN THE OBSERVED DATA. FOR EXAMPLE, A
959, CONFIDENCE INTERVAL SUGGESTS THAT, UNDER REPEATED SAMPLING, 95% OF SUCH INTERVALS WILL CONTAIN THE TRUE
proBABILITY \( P \).

CALCULATING A CONFIDENCE INTERVAL: THE NORMAL APPROXIMATION

FOR LARGE SAMPLE SIZES, THE NORMAL APPROXIMATION TO THE BINOMIAL DISTRIBUTION ALLOWS US TO COMPUTE CONFIDENCE
INTERVALS:

\[
\TexT{CI} = \HaT{P} \Pm z_{\ALPHA/2} \TiMeS \SQRT{\FRAC{\HAT{P}(1 - \HAT{P})}{N}}
\]

WHERE:
-\(z_{\ALPHA/2} \) IS THE Z-SCORE FOR THE DESIRED CONFIDENCE LEVEL (FOR 95%, \( z_{0.025} \ApPrOX 1.96 \))

-\(n=120))
APPLYING THE FORMULA:

\[

\sQrT{\FrAC{0.6667 \TiMes 0.3333}{120}} \approx \sQrT{\Frac{0.22223}{120}} \aprrox \sqrT{0.001851}
\approx 0.043

\]

THus,

\[
\TexT{CI} =0.6667 \pm 1.96 \TiMes 0.043 \arprrox 0.6667 \pm 0.084

\]

WHICH GIVES A CONFIDENCE INTERVAL APPROXIMATELY:

\[
[0.583,0.751]

\]

THIS INTERVAL INDICATES THAT, WITH 959, CONFIDENCE, THE PLAYER'S TRUE FREE-THROW SUCCESS PROBABILITY LIES
BETWEEN ROUGHLY 58.3% AND 75.1%.



LIMITATIONS OF THE NORMAL APPROXIMATION

\WHILE CONVENIENT, THE NORMAL APPROXIMATION CAN BE INACCURATE IF THE SAMPLE SIZE IS SMALL OR THE PROPORTION IS
NEAR O OR 1. SINCE OUR DATA IS REASONABLY LARGE AND \( \HAT{P} \) IS NOT cLOSE TO O OR 1, THIS METHOD IS
ACCEPTABLE HERE. FOR MORE PRECISE ESTIMATION, ESPECIALLY WITH SMALLER SAMPLES, ALTERNATIVE METHODS SUCH AS THE
\WILSON SCORE INTERVAL OR BAYESIAN APPROACHES MAY BE PREFERRED.

BAYESIAN ESTIMATION; INCORPORATING PRIOR BELIEFS

WHY Use BAYESIAN METHODS?

BAYESIAN INFERENCE COMBINES PRIOR BELIEFS ABOUT THE PROBABILITY \( P \) WITH OBSERVED DATA TO PRODUCE A POSTERIOR
DISTRIBUTION. THIS APPROACH IS PARTICULARLY USEFUL IF PRIOR KNOWLEDGE ABOUT THE PLAYER'S SKILL EXISTS OR IF WE
WANT A PROBABILISTIC STATEMENT ABouUT \( P \).

CHOOSING A PrRIOR DISTRIBUTION
A COMMON CHOICE FOR THE PRIOR IN BINOMIAL PROBLEMS IS THE BETA DISTRIBUTION:

\l

P \siM \TexT{BeTA}(\ALPHA, \BETA)

\]

- \W/HEN NO PRIOR KNOWLEDGE EXISTS, A UNIFORM PRIOR \( \TEXT{BETA}(1, 1) \) IS OFTEN USED.
- |F PRIOR INFORMATION SUGGESTS THE PLAYER IS AN AVERAGE FREE-THROW SHOOTER, PARAMETERS CAN BE ADJUSTED
ACCORDINGLY.

CALCULATING THE POSTERIOR DISTRIBUTION

GIVEN THE DATA AND THE PRIOR, THE POSTERIOR DISTRIBUTION FOR \( P \) IS:

\[

P \MD \TexT{DATA} \siM \TEXT{BeTAI(\ALPHA + \TEXT{SUcCCESSES}, \BETA + \TEXT{FAILURES})

\]

Using THE UNIFORM PRIOR \( \TEXT{BETA}(1,1) \):

\[
P \mD \TexT{pATA} \siM \TexT{BeTA}(1 + 80, 1 + 40) = \TexT{BeTA}(81, 47)
\]

THE POSTERIOR MEAN, WHICH SERVES AS THE BAYESIAN ESTIMATE ofF \( P \), Is:

\[
\HAT{P} {\TexT{BAaves}} = \rrAc{81}81 + 41} \aprrox \FRAC{81}{ 122} \ArProX 0.664
\]

THIS IS VERY CLOSE TO THE OBSERVED SAMPLE PROPORTION, INDICATING CONSISTENCY BETWEEN BAYESIAN AND FREQUENTIST
APPROACHES WITH NON-INFORMATIVE PRIORS.



CREDIBLE INTERVALS

FROM THE POSTERIOR DISTRIBUTION, CREDIBLE INTERVALS CAN BE COMPUTED. For EXAMPLE, A 950/0 CREDIBLE INTERVAL CAN BE
OBTAINED FROM THE BETA DISTRIBUTION QUANTILES:

\[
\TexT{Lower sounp} = \TexT{BeTa}"{-13(0.025, 81, 41)

\]

\[
\TexT{UprPer BoUND} = \TExT{BeTA}"{-13(0.975,81, 41)

\]

THESE CAN BE CALCULATED USING STATISTICAL SOFTWARE, AND TYPICALLY, THE INTERVAL WOULD BE SIMILAR TO THE
FREQUENTIST CONFIDENCE INTERVAL, REINFORCING THE ESTIMATE'S ROBUSTNESS.

IMPLICATIONS FOR BASKETBALL PERFORMANCE AND DECISION MAKING

ASSESSING PLAYER SKILL
ESTIMATING THE TRUE FREE-THROW PERCENTAGE HELPS COACHES AND ANALYSTS EVALUATE WHETHER A PLAYERIS

PERFORMANCE IS CONSISTENT OR IF IMPROVEMENTS ARE NEEDED. |T ALSO GUIDES DECISIONS SUCH AS:

- W/HO SHOULD TAKE CRITICAL FREE THROWS?
- How MUCH CONFIDENCE CAN WE PLACE IN THE PLAYER'S ABILITY?

PerrorRMANCE OVER TIME

A SINGLE PERFORMANCE SNAPSHOT PROVIDES LIMITED INSIGHT. TO UNDERSTAND WHETHER A PLAYER'S FREE-THROW SHOOTING
IS IMPROVING OR DECLINING, MULTIPLE DATA POINTS OVER TIME SHOULD BE ANALYZED, POSSIBLY USING BAYESIAN UPDATING TO
REFINE ESTIMATES CONTINUOUSLY.

STRATEGIC Use oF DATA

TEAMS CAN INCORPORATE THESE ESTIMATES INTO GAME STRATEGIES, SUCH AS:

- DECIDING WHEN TO FOUL OR AVOID FOULING
- CHOOSING PLAYERS FOR FREE-THROW SITUATIONS
- TRAINING FOCUS TO IMPROVE FREE-THROW ACCURACY

ConNcLuUsION: ESTIMATING THE PLAYER’S TRUE FREe-THROW PROBABILITY

BASED ON THE DATA OF 80 SUCCESSFUL FREE THROWS oUT ofF 120 ATTEMPTS, THE SIMPLEST POINT ESTIMATE FOR THE
PLAYER'S TRUE FREE-THROW SUCCESS PROBABILITY IS APPROXIMATELY 6()70/0 USING STATISTICAL METHODS, WE CAN
QUANTIFY THE UNCERTAINTY AROUND THIS ESTIMATE.

A 959%, CONFIDENCE INTERVAL SUGGESTS THAT THE TRUE SUCCESS PROBABILITY LIES ROUGHLY BETWEEN 58.3% AnND 75.1%.
BAYESIAN METHODS, ASSUMING A NON-INFORMATIVE PRIOR, YIELD A SIMILAR ESTIMATE, ADDING CREDIBILITY TO OUR INFERENCE.

ULTIMATELY, THESE ESTIMATES ARE VITAL FOR EVALUATING PLAYER PERFORMANCE, INFORMING STRATEGIC DECISIONS, AND
SETTING REALISTIC EXPECTATIONS. THEY DEMONSTRATE HOW STATISTICAL ANALYSIS TRANSFORMS RAW PERFORMANCE DATA
INTO MEANINGFUL INSIGHTS, CONTRIBUTING TO MORE INFORMED AND EFFECTIVE BASKETBALL MANAGEMENT.



IN SUMMARY:

- THe oBSERVED SUCCESS RATE (80/120) PROVIDES A BASELINE ESTIMATE.

- CONFIDENCE INTERVALS ACCOUNT FOR SAMPLING VARIABILITY.

- BAYESIAN APPROACHES INCORPORATE PRIOR KNOWLEDGE AND UPDATE BELIEFS WITH DATA.

- THESE METHODS COLLECTIVELY ENHANCE OUR UNDERSTANDING OF A PLAYER'S TRUE FREE-THROW SHOOTING ABILITY, GUIDING
BETTER DECISION-MAKING ON AND OFF THE COURT.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE ESTIMATED PROBABILITY THAT THE BASKETBALL PLAYER MAKES A FREE
THROW BASED ON THEIR PERFORMANCE?

THE ESTIMATED PROBABILITY IS CALCULATED AS THE NUMBER OF SUCCESSFUL FREE THROWS DIVIDED BY THE TOTAL ATTEMPTS
wHICH Is 80/120 = 2/3 or APPROXIMATELY 0.6667.

1

How CAN WE INTERPRET THE PLAYER'S FREE THROW SUCCESS RATE FROM THE GIVEN
DATA?

THE SUCCESS RATE SUGGESTS THAT THE PLAYER MAKES ABOUT 66670/0 OF THEIR FREE THROWS, PROVIDING AN ESTIMATE OF
THEIR TRUE SHOOTING PROBABILITY.

\WHAT STATISTICAL METHOD CAN BE USED TO ESTIMATE THE PLAYER'S FREE THROW
PROBABILITY?

A COMMON APPROACH IS TO USE THE SAMPLE PROPORTION, WHICH IN THIS CASE IS 80/1 20, AS AN ESTIMATE OF THE TRUE
PROBABILITY.

Is THE ESTIMATE oF 80/ 120 SUFFICIENT TO DETERMINE THE PLAYER'S TRUE FREE
THROW ACCURACY?

\WHiLe 80/ 120 PROVIDES A GOOD POINT ESTIMATE, ADDITIONAL STATISTICAL ANALYSIS OR MORE DATA MIGHT BE NEEDED TO
ACCOUNT FOR VARIABILITY AND CONFIDENCE LEVELS.

How WOULD INCREASING THE NUMBER OF FREE THROWS ATTEMPTED AFFECT THE
ESTIMATE'S RELIABILITY?

MORE ATTEMPTS WOULD GENERALLY LEAD TO A MORE RELIABLE AND PRECISE ESTIMATE OF THE PLAYER'S TRUE FREE THROW
SUCCESS PROBABILITY.

CAN WE USE A CONFIDENCE INTERVAL TO EXPRESS THE UNCERTAINTY IN THE ESTIMATE?
How?

YES/ A CONFIDENCE INTERVAL CAN BE CALCULATED, FOR EXAMPLE USING A BINOMIAL PROPORTION CONFIDENCE INTERVAL, TO
EXPRESS THE RANGE WITHIN WHICH THE TRUE PROBABILITY LIKELY FALLS.

\W/HAT IS THE APPROXIMATE 959% CONFIDENCE INTERVAL FOR THE PLAYER'S FREE
THROW PROBABILITY BASED ON THIS DATA?

USING A NORMAL APPROXIMATION, THE 959, CONFIDENCE INTERVAL IS ROUGHLY 0.58 T0 0.75, BUT EXACT CALCULATIONS
MAY VARY SLIGHTLY.



How DOES THE PLAYER'S PERFORMANCE COMPARE TO AN AVERAGE FREE THROW
SUCCESS RATE?

IF THE AVERAGE SUCCESS RATE IN THE LEAGUE IS AROUND 7 0%, THIS PLAYER PERFORMING AT APPROXIMATELY 66.67% IS
SLIGHTLY BELOW AVERAGE.

\WHAT ASSUMPTIONS ARE MADE WHEN ESTIMATING THE PLAYER'S FREE THROW
PROBABILITY FROM THIS DATA?

[T IS ASSUMED THAT EACH FREE THROW ATTEMPT IS INDEPENDENT, AND THE PROBABILITY REMAINS CONSISTENT THROUGHOUT
THE ATTEMPTS.

How CAN THIS ESTIMATE HELP COACHES DECIDE ON TRAINING OR STRATEGY
IMPROVEMENTS?

BY UNDERSTANDING THE PLAYER'S ESTIMATED SUCCESS RATE, COACHES CAN IDENTIFY AREAS FOR IMPROVEMENT AND TAILOR
TRAINING TO INCREASE FREE THROW ACCURACY.

ADDITIONAL RESOURCES

A BAsSkeTBALL PLAYER Makes 80 OuT OrF 120 Free THRowS: AN IN-DEPTH ANALYSIS OF PROBABILITIES AND
PERFORMANCE

\W/HEN ANALYZING THE PERFORMANCE OF A BASKETBALL PLAYER BASED ON FREE THROW ATTEMPTS AND SUCCESSES, IT IS
ESSENTIAL TO UNDERSTAND NOT ONLY THE RAW NUMBERS BUT ALSO THE STATISTICAL IMPLICATIONS BEHIND THEM. THIS
COMPREHENSIVE REVIEW DELVES INTO THE SCENARIO WHERE A PLAYER MAKES 80 ouT oF 120 FREE THROWS, EXPLORING THE
PROBABILITY THAT THIS PERFORMANCE REFLECTS THEIR TRUE FREE THROW SHOOTING ABILITY. WE WILL EXAMINE THE
UNDERLYING STATISTICAL MODELS, CONFIDENCE INTERVALS, HYPOTHESIS TESTING, AND PRACTICAL CONSIDERATIONS THAT HELP
ESTIMATE THE PLAYER'S TRUE FREE THROW PERCENTAGE.

UNDERSTANDING THE SCENARIO: BASIC DATA AND TERMINOLOGY

BEFORE DIVING INTO STATISTICAL MODELS, IT IS CRUCIAL TO CLARIFY THE DATA AND TERMINOLOGY:

- ToTAL FrRee THROW ATTEMPTS (N): 120
- NUMBER OF SUCCESSFUL FREE THROWS (k): 80
- OBsErRVED FRee THROW PERCENTAGE (PP ): \( \Frac{803{120} = 0.6667 \) or APPROXIMATELY 66.67%

THIS OBSERVED PERFORMANCE PROMPTS US TO ASK: WHAT IS THE PROBABILITY THAT THE PLAYER'S TRUE FREE THROW

SUCCESS RATE (P) IS AT A CERTAIN LEVEL, GIVEN THIS DATAP? TO ANSWER THIS, WE NEED TO CONSIDER THE CONCEPTS OF
SAMPLE PROPORTION, POPULATION PROPORTION, AND THE STATISTICAL MODELS THAT CONNECT THEM.

STATISTICAL FOUNDATIONS: BINOMIAL MODEL AND |TS ASSUMPTIONS

THE NUMBER OF SUCCESSFUL FREE THROWS IN A FIXED NUMBER OF ATTEMPTS CAN BE MODELED USING THE BINOMIAL
DISTRIBUTION, WHICH IS SUITABLE UNDER THE FOLLOWING ASSUMPTIONS!



- EACH FREE THROW IS AN INDEPENDENT BERNOULLI TRIAL.
- THE PROBABILITY OF SUCCESS (P) REMAINS CONSTANT ACROSS ATTEMPTS.
- THE OUTCOMES ARE BINARY: SUCCESS OR FAILURE.

MATHEMATICALLY/ THE BINOMIAL PROBABILITY OF OBSERVING EXACTLY K SUCCESSES IN N TRIALS IS:

\[
P(K =k |p) = \einom{N}{K3} Pk} (1 - P){N -k}
\]

IN OUR CASE,

\[
P(k =80 |r) = \einom{1203{803 p*{803 (1 - P){40}
\]

THIS PROBABILITY FUNCTION ALLOWS US TO UNDERSTAND HOW LIKELY IT IS TO OBSERVE 80 SUCCESSES FOR ANY ASSUMED
TRUE SUCCESS PROBABILITY P.

ESTIMATING THE PLAYER's TRUE Free THRow PercenTAGe (P)

MAxXIMUM LIkELIHooDp EsTiMATE (MLE):

THE SIMPLEST APPROACH TO ESTIMATE P FROM DATA IS THE MAXIMUM LIKELIHOOD ESTIMATOR:

\[
\HAT{P} = \rrac{k}{N} = \Frrac{803{120} = 0.6667
\]

THIS ESTIMATE SUGGESTS THAT THE PLAYER'S “TRUE” FREE THROW SUCCESS RATE IS APPROXIMATELY 66.67%. HOWEVER,
THIS POINT ESTIMATE DOES NOT ACCOUNT FOR THE INHERENT VARIABILITY IN THE DATA, ESPECIALLY GIVEN THE FINITE NUMBER
OF ATTEMPTS.

CONFIDENCE INTERVALS, ON THE OTHER HAND, PROVIDE A RANGE OF PLAUSIBLE VALUES FOR P, REFLECTING THE UNCERTAINTY
INHERENT IN THE ESTIMATE.

ConNsTRUCTING CONFIDENCE INTERVALS FOR THE T RUE FREE THROW
PERCENTAGE

A conrFIDENCE INTERVAL (Cl) FOR P GIVES A RANGE WITHIN WHICH THE TRUE SUCCESS PROBABILITY IS LIKELY TO LIE, WITH A
SPECIFIED LEVEL OF CONFIDENCE (E.G., 95%).

CoMMoN MeTHoDS For Cl CONSTRUCTION:

1. NorMAL ApPrOXIMATION (\WALD INTERVAL):

\[
\HAT{P} \PM z_{\ALPHA/2} \sQRT{\FRAC{\HAT{P}(T - \HAT{P})}{N]}}
\]



-For A 95% ClI, \(z_{0.025} \approx 1.96 \).
- CALCULATION:

\[

0.6667 \pM 1.96 \TiMes \sQrT{\FrAc{0.6667 \TiMes 0.33333}{ 12013 \apProx 0.6667 \pM 0.079

\]

- ResuLTING Cl: APPROXIMATELY [58.89%, 74.47%)]

LIMITATIONS: THE APPROXIMATION CAN BE INACCURATE WITH SMALL SAMPLE SIZES OR PROPORTIONS NEAR O OR 1.

2. WILSON SCORE INTERVAL:

MoRE ACCURATE, ESPECIALLY WITH PROPORTIONS NEAR EXTREMES OR MODERATE SAMPLE SIZES. THE WILSON INTERVAL
ADJUSTS FOR THE BIAS IN THE W/ ALD INTERVAL.

- UsING THE WILSON FORMULA, THE 95% CI FOR P IS APPROXIMATELY:
(568.4%, 74.9%)
3. ExacT (CLoPPER-PEARSON) INTERVAL:

- BASED ON THE BINOMIAL DISTRIBUTION'S CUMULATIVE PROBABILITIES.
- SLIGHTLY WIDER BUT MORE RELIABLE, ESPECIALLY WITH SMALL N OR K.

IMPLICATION: BASED ON THE DATA, WE ARE 959, CONFIDENT THAT THE PLAYER'S TRUE FREE THROW PERCENTAGE IS
SOMEWHERE BETWEEN APPROXIMATELY 58% AND 75%.

HypoTHESIS TESTING: IS THE PLAYER AN AVERAGE FREE THROW SHOOTER?

SUPPOSE WE WANT TO TEST WHETHER THIS PLAYER’S TRUE FREE THROW PERCENTAGE ALIGNS WITH THE LEAGUE AVERAGE, SAY
75%.

NuLL HypoTHesis (HO): \(Pp=0.75\)
ALTERNATIVE HYPoTHESIS (H1): \( P \Ne 0.75 \)
USING A BINOMIAL TEST OR A NORMAL APPROXIMATION, WE ASSESS WHETHER THE OBSERVED DATA IS CONSISTENT WITH HO.

TEST STATISTIC:

\[
z = \rrac{\HAT{P} - P_O3}\s@rT{\rrac{pr_0(1 - p_0)XN}}}
\]

PLUGGING IN THE NUMBERS:

\[
z=\rrAc{0.6667 - 0.75}{\s@rT{\Frac{0.75 \TiMes 0.253}{ 12033} \arprox \Frac{-0.0833}{0.0395} \approX
-2.11

\]

THE CORRESPONDING P-VALUE (TWO-SIDED):

\[



P \approx 0.035
\]

INTERPRETATION: THERE IS APPROXIMATELY A 3.5% CHANCE OF OBSERVING 80 OR FEWER SUCCESSES oUT OF 120 ATTEMPTS
IF THE TRUE SUCCESS RATE IS 75%. SINCE THIS P-VALUE IS BELOW THE TYPICAL SIGNIFICANCE LEVEL OF 0.05, WE REJECT THE
NULL HYPOTHESIS AND CONCLUDE THAT THE PLAYER'S TRUE FREE THROW PERCENTAGE IS LIKELY LESS THAN 7 5%.

BAYESIAN PERSPECTIVE: INCORPORATING PRIOR KNOWLEDGE

W/HILE FREQUENTIST METHODS FOCUS ON THE DATA AT HAND, A BAYESIAN APPROACH ALLOWS US TO INCORPORATE PRIOR
BELIEFS ABOUT THE PLAYER'S SHOOTING ABILITY.

PrIOR DISTRIBUTION:

- TYPICALLY, A BETA DISTRIBUTION IS USED AS A CONJUGATE PRIOR FOR THE BINOMIAL LIKELIHOOD.

\l

P \siM \TexT{BeTA}(\ALPHA, \BETA)

\]
- For A NEUTRAL PRIOR, USE \(\ALPHA = 1, \BeTA = 1\) (UNIFORM DISTRIBUTION).

PoOSTERIOR DISTRIBUTION:

\l

P | \TexT{oAaTA} \siM \TEXT{BeTAI(\ALPHA + K, \BETA + N - k)

\]

- WITH OUR DATA:

\[
Pl \TexT{paTA} \siM \TexT{BETA}(T + 80, 1 + 40) = \TexT{BeTAa}(81, 41)

\]

POSTERIOR MEAN:

\[
Elr | \TexT{oaTAa}] = \rrAc{8 181 + 41} \arrrox 0.664

\]

THE BAYESIAN ESTIMATE CLOSELY ALIGNS WITH THE FREQUENTIST MLE (66.4%), BUT WITH CREDIBLE INTERVALS THAT CAN
BE DIRECTLY DERIVED FROM THE BETA DISTRIBUTION, PROVIDING PROBABILISTIC STATEMENTS ABOUT P.

PRACTICAL IMPLICATIONS FOR COACHES AND ANALYSTS

UNDERSTANDING THE STATISTICAL SIGNIFICANCE OF THIS PERFORMANCE HAS SEVERAL PRACTICAL CONSEQUENCES:

- PLAYER EVALUATION: THE OBSERVED 66.7% IS A POINT ESTIMATE, BUT CONFIDENCE INTERVALS SUGGEST THE TRUE ABILITY
COULD BE AS LOW AS 589% or AS HIGH AS 75%,. COACHES SHOULD CONSIDER THIS VARIABILITY WHEN EVALUATING PLAYER
SKILL.



- TRAINING Focus: IF THE PLAYER'S TRUE SUCCESS RATE IS BELOW LEAGUE AVERAGE, TARGETED TRAINING COULD IMPROVE
PERFORMANCE.

- GAME STRATEGY: KNOWING THE PLAYER'S PROBABLE SUCCESS RATE INFLUENCES DECISIONS SUCH AS LATE-GAME FREE THROW
ATTEMPTS OR FOULING STRATEGIES.

- PERFORMANCE TRENDS: REPEATED MEASUREMENTS OVER TIME HELP DETERMINE IF THE PLAYER'S FREE THROW PERCENTAGE IS
IMPROVING, DECLINING, OR STABLE, WHICH IS CRITICAL FOR LONG~TERM PLANNING.

FACTORS AFFECTING THE RELIABILITY OF THE ESTIMATES

\W/HILE THE STATISTICAL MODELS PROVIDE VALUABLE INSIGHTS, SEVERAL FACTORS INFLUENCE THE ACCURACY AND
APPLICABILITY:

- SAMPLE SIzE: LARGER SAMPLE SIZES RESULT IN NARROWER CONFIDENCE INTERVALS AND MORE RELIABLE ESTIMATES.

- ATTEMPT CONTEXT: FREE THROWS UNDER PRESSURE OR IN DIFFERENT GAME SITUATIONS MIGHT HAVE DIFFERENT SUCCESS
PROBABILITIES.

- CONSISTENCY OF PERFORMANCE: V ARIABILITY IN PERFORMANCE ACROSS GAMES OR SEASONS CAN AFFECT THE ASSUMPTION OF
A CONSTANT P.

- INDEPENDENCE OF ATTEMPTS: FOUL SHOOTING MAY BE AFFECTED BY PSYCHOLOGICAL FACTORS, WHICH CAN INTRODUCE
DEPENDENCE BETWEEN ATTEMPTS.

ALTERNATIVE MODELS AND ADVANCED ANALYSES

BEYOND THE BASIC MODELS, MORE SOPHISTICATED APPROACHES CAN BE EMPLOYED:
- HIERARCHICAL MODELS: TO ACCOUNT FOR VARIABILITY ACROSS DIFFERENT GAME SITUATIONS OR OVER TIME.
- MARkoV CHAIN MODELS: TO ANALYZE STREAKS AND PSYCHOLOGICAL EFFECTS INFLUENCING FREE THROW SUCCESS.

- MACHINE LEARNING TECHNIQUES: T O PREDICT FREE THROW SUCCESS BASED ON CONTEXTUAL DATA SUCH AS FATIGUE, GAME
SCORE, OR PLAYER STRESS LEVELS.

CoNcLUsION; ESTIMATING THE PLAYER’S TRUE SHOOTING ABILITY

BASED ON THE DATA WHERE A PLAYER MAKES 80 ouT ofF 120 FREE THROWS, THE STATISTICAL ANALYSIS INDICATES:
- THE OBSERVED FREE THROW PERCENTAGE IS APPROXIMATELY 66.7%.

- THE 95
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